We report multi-wavelength (IR-O, UV, X-ray, γ-ray) data from the flat spectrum radio quasar (FSRQ) PKS B1424-418 (z = 1.52) gathered during an active phase in 2013 April . As for a few other cases of FSRQs reported in literature, the detection by the Large Area Telescope onboard Fermi of γ rays with energy above 10 GeV indicates that the emission likely occurs beyond the highly opaque (τ ∼ 10) broad line region. This conclusion is strengthened by a model fit to the spectral energy distribution, which allows us to locate the emission region even beyond the distance generally assumed for the dusty torus. The consequent large size (∼ 1 pc) inferred for the emission region cannot account for the observed daily-scale variability of the γ-ray flux. We discuss the possibility that short-term variability results from fast magnetic reconnection events, as proposed in recent works.
INTRODUCTION
Their favorable geometry makes blazars the best laboratories for studying relativistic jets. The small angle between the jet velocity vector and the line of sight causes an enormous boost of the relativistically beamed jet non-thermal emission, allowing -in principle -the physical processes active in the relativistic outflow to be to probed in detail (e.g., Ghisellini et al. 2008) . Currently, space and ground instrumentation permits an unprecedented view of the spectral energy distribution (SED) and variability of blazars. In particular, the all-sky monitoring by the Large Area Telescope (LAT) onboard Fermi (Atwood et al. 2009 ), allows us to follow in detail the behavior of blazars in the γ-ray (0.1-300 GeV) band, especially the most powerful flat spectrum radio quasars (FSRQ). Particularly interesting are extreme active phases, during which the large flux allows us to track precisely the spectral and temporal behavior of the sources.
The classical view of FSRQ assumed that the bulk of the emission occurs in the innermost regions of the active nucleus, within the broad line region (BLR), whose dense radiation field can provide the ideal environment for an efficient inverse Compton (IC) emission, believed to be at the origin of the γ-ray component (e.g., Sikora et al. 1994) . However, there is growing evidence that, at least on some occasions, the emission could occur at much larger distances (up to tens of parsecs; e.g., Marscher et al. 2008 Marscher et al. , 2010 , ⋆ E-mail:fabrizio.tavecchio@brera.inaf.it Sikora et al. 2008) . Particularly robust is the indication coming from the detection of γ rays with rest-frame energy above 20 GeV (e.g. Aleksic et al. 2011a ,b, Abramowski et al. 2013 , Pacciani et al. 2012 , demonstrating that the emission region must be located outside the highly opaque (τ ≈ 5-10) BLR, which would not permit photons of such high energies to escape (e.g., Donea & Protheroe 2003 , Tavecchio & Mazin 2009 , Poutanen & Stern 2010 , but see Tavecchio et al. 2012 ). This conclusion implies a correspondingly large size of the jet, in contrast with the observed small variability timescale of the γ-ray flux (from hours down to few minutes), which implies a very compact emission zone. Possibilities to reconcile these two contrasting evidences include the strong recollimation of the jet (Bromberg & Levinson 2009 ), narrow beams of electrons or magnetic reconnection events (Giannios et al. 2009 (Giannios et al. , 2013 . PKS B1424-418 is a relatively bright FSRQ (z = 1.52) belonging to the classical 1Jy sample and included in the 1FGL and 2FGL catalogues of γ-ray sources detected by Fermi-LAT (Nolan et al. 2012) . With a notably hard spectrum (Γ = 1.96 ± 0.03, to be compared with an average photon index of FSRQ of Γ = 2.42 ± 0.17, Ackermann et al. 2011) , this source is a promising candidate for the detection of hard photons. PKS B1424-418 entered in an active γ-ray phase in 2012 October (Ojha et al. 2012) , with flares at optical, X-ray and γ-ray frequencies detected in 2013 Jan-Feb (D'Ammando et al. 2013 , Ciprini et al. 2013 . It underwent a major γ-ray outburst in 2013 April, with a peak flux reaching F (> 100 MeV) > 3 × 10 −6 ph cm −2 s −1 . A quick analyc 0000 RAS sis of the Fermi-LAT data revealed the possible presence of hard (E > 10 GeV) photons. We therefore activated Swift target of opportunity (ToO) observations to obtain optical-UV and X-ray data. Moreover, PKS B1424-418 was also monitored in the IR-O band with the SMARTS telescopes. In this letter we describe the data obtained in April, focusing on two days (April 2 and 29) with simultaneous multi wavelength data ( §2). The composite SED is modeled within the framework of the one-zone leptonic scenario in §3 and the results are discussed in §4.
We assume a cosmology with h = ΩΛ = 0.7 and ΩM = 0.3. We denote with c, h and k the speed of light, the Planck constant and the Boltzmann constant, respectively.
DATA ANALYSIS

Fermi-LAT data
We analysed the Fermi-LAT data (Atwood et al. 2009 ) with the standard Fermi Science tools v9r27p1, following the prescriptions in the online documentation 1 . We used the Pass 7 response functions (P7 V6). In particular, we selected events of event class 2, suitable for point-like sources, and we filtered out photons from the Earth's limb with a cut at 100
• in the zenith angle. We performed the binned likelihood analysis inside a region of radius 30
• around PKS B1424-418 to derive the source flux. We took into account the diffuse backgrounds, (modeled using gal 2yearp7v6 v0 for the Galactic diffuse emission and iso p7v6source for the extragalactic isotropic emission models), Cen A lobes (modeled using the WMAP K-band template emission: CenA wmap k nocenter N and CenA wmap k nocenter S), and the point-like γ-ray sources in the second Fermi-LAT catalog (Nolan et al. 2012 ) within a slightly larger radius of 40
• from PKS B1424-418 (we considered a larger radius due to the PSF width). For each source we used the model specified in the second Fermi-LAT catalog. For all the point sources within 10
• from PKS B1424-418, we kept free only the 1 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/ parameters related to the flux normalization, and all other parameters were fixed to the values of the second LAT catalog. For the sources outside10
• from PKS B1424-418 we fixed all the spectral parameters to the values reported in the catalog.
For the light curves ( Fig. 1) we consider events only above 300 MeV, in order to process data with a smaller PSF and then reduce background γ rays from the galactic plane, since the 68% (95%) containment radius for Fermi-LAT at normal incidence 2 is 4.5
• (10 • ) at 100 MeV. This choice had a negligible effect on the signal significance of PKS B1424-418. The light curves show clear evidence of variability on a timescale of 1-2 days (see zoom in Fig.1 ). SED spectra are integrated over the periods MJD 56381-56385 (left) and MJD 56411-56414 (right).
Swift data
The Swift ToOs that we report here started on 2013-04-02 14:56 and on 2013-04-29 14:41 UT. The Swift-XRT (Burrows et al. 2005 ) observations, obtained in photon counting mode, have an exposure of 3.5 ks and 2.3 ks, respectively. The XRT data were processed using the most recent calibration files available. We made use of Swift software version 3.5, FTOOLS version 6.8, and XSPEC version 12.5. We extracted the spectrum using a photon binning ratio that ensured more than 20 photon counts per energy bin. We fitted the X-ray data with an absorbed power law, fixing the absorption to the Galactic value of 7.7×10 20 cm −2 (Dickey & Lockman 1990) . For the first observation, we estimated a photon index of 1.60±0.13 (90% C.L.) and an unabsorbed flux of 6.2
For the second observation, we estimated a photon index of 1.67±0.20 (90% C.L.) and an unabsorbed flux of 6.7 (Roming et al. 2005 ) data from each observation sequence were processed by the standard UVOT tool uvotsource using the same version of the Swift software as for the XRT analysis. An extraction region of radius 5 arcsec centered on the source and a suitable background region were used. Magnitudes are expressed in the UVOT photometric system (Poole et al. 2008) . We obtained mU =14.90±0.03 for the first observation and mU =14.74±0.03 for the second observation of PKS B1424-418 (extinction corrected using the mean Galactic interstellar extinction curve from Fitzpatrick 1999) .
Both the X-ray and the O-UV light curves provided by the Swift monitoring between 2013 April 2-29 did not show any significant variation of the flux.
SMARTS data reduction
Observations were carried out with telescopes at Cerro Tololo Interamerican Observatory (CTIO) operated by the Small and Moderate Aperture Research Telescope System (SMARTS). The regular monitoring program is carried out with the SMARTS 1.3m+ANDICAM. ANDICAM is a dual-channel imager with a dichroic that feeds an optical CCD and an IR imager. Thus the instrument can obtain simultaneous data from 0.4 to 2.2 microns. Observations were taken nightly in Johnson-Cousins B, R, J, and K bands for PKS B1424-418 from 2013 March 13 through 2013 May 15. Data before that date were obtained on a three night cadence. Cadences are increased during periods of high optical and IR flux.
Optical data were bias-and overscan-subtracted, then flatfielded using standard IRAF procedures. Infrared data were skysubtracted, flatfielded, and dithered images were combined using customized IRAF scripts. Optical and infrared aperture photometry was also performed using IRAF. We calibrate comparison stars of comparable magnitude in the target field of view, using photometric zeropoints that were measured from ANDICAM observations during 2008-2009 of optical (Landolt 1992 ) and near-infrared (Persson 1998) primary standards for each filter. More details regarding photometric reductions can be found in Bonning et al. (2012) .
SED: GENERAL CONSTRAINTS AND MODELING
General remarks. Some important and robust insights on the emitting region, independent of a detailed model, can be obtained through rather general arguments.
The luminosity of the broad MgII line, LMgII = 5.4 × 10 43 erg s −1 (Stickel et al. 1989) 3 , can be scaled to the luminosity of the entire BLR using the relative luminosity of the MgII line in quasar spectral templates (we follow the template of Celotti et al. 1997) . Assuming a typical BLR/disk luminosity ratio of ∼0.1 (e.g. Baldwin & Netzer 1978) , we can also infer the luminosity of the accretion disk, L disk ≃ 10 46 erg s −1 . With this number at hand, the entire structure of the quasar can be fixed using the prescription of Ghisellini & Tavecchio (2009) for the BLR and dusty torus sizes, RBLR and RT. The result is reported in Fig.3 , where the blue and the red lines show the profile of the energy density of the BLR and dusty torus, respectively, as measured in the comoving frame of the jet (assuming a jet bulk Lorentz factor of Γ b = 20).
A key observational evidence is the possible detection of highenergy photons with energy well above the expected cut-off due to the absorption through interaction with the H Lyα photons within the BLR (e.g., Donea & Protheroe 2003) . A simple estimate of the optical depth close to the energy threshold for interaction with the H Lyα line (E th = 25 GeV) provides τ ≃ σT nLy showing that the optical depth at the energies of the two highest energy bins observed (15 and 30 GeV; 37.8 and 75.6 GeV in the quasar frame), exceeds τ = 7, implying a sup-pression factor F obs /Fem = exp(−τ ) < 10 −3 . Such a value excludes an origin for the emission within the BLR. A related, though more model-dependent, argument excluding a dominant UV ambient field is that, in this case, the IC emission (involving the scattering of UV photons) would be suppressed above few GeV due to the onset of the Klein-Nishina regime (e.g., Tavecchio & Ghisellini 2008) . This applies also to the (almost transparent) transition region marked by the BLR edge and the distance at which the IR field starts to dominate. The emission is thus constrained to occur beyond the BLR "sphere of influence", at distances for which the ambient field is dominated by the IR radiation (Fig. 3) .
The SED allows us to derive further clues. The IC peak occurs at νIC ∼ 3 × 10 24 Hz (the most constraining spectrum is that of April 2). The Lorentz factor of the electrons emitting at the peak, γ b,1 (where the bulk Lorentz factor is normalized to a typical value of 10, Γ b,1 ≡ Γ b /10 and we assumed Γ b equal to the Doppler factor δ). From the synchrotron peak frequency, well constrained from above by SMARTS data, νs = 2.
Hz, we derive an upper limit to the magnetic field, B ′ < 3×10 −2 Γ b,1 . This is a value much lower than that commonly inferred for FSRQ, around 1-10 G (e.g. Ghisellini et al. 2010) , consistent with the idea that the region is far from the central engine. The corresponding energy density is U ′ B < 3.2 × 10 −5 erg cm −3 Γ 2 b,1 . We remark that the unusual value of B ′ is related to the high IC peak frequency, which forces a large γ ′ p , coupled with a low (though unconstrained) synchrotron peak frequency. In the following we assume the upper value B ′ = 3 × 10 −2 G. The ratio between the observed IC and synchrotron peak luminosities, Lγ /Ls ∼ 3, directly translates into the ratio of the external and magnetic energy densities (in the jet frame), allowing the former to be derived: U ′ ext ≈ 10 −4 erg cm −3 . Such a small value forces us to conclude that the emission region is at a distance of the order of r ∼ 5 − 10 pc from the central engine (see Fig.3 ). We remark that this conclusion is independent of the details of the emission region and it is based solely on rather robust assumptions about the emission mechanisms and the quasar's environment.
A last estimate concerns the radius of the emitting region, for which a lower limit is derived by the condition that the SSC luminosity does not exceed the observed γ-ray one. This can be expressed by the condition
cm. Assuming a conical geometry of the jet, with semi-aperture θj ∼ 0.1, this implies a distance r = R/θj > 5 × 10 18 cm, consistent with the conclusions above. Modeling the SED. We model the SED using the one-zone leptonic model of Maraschi & Tavecchio (2003) . The emission region is assumed to be spherical with radius R, in motion with Lorentz factor Γ b at an angle θv with respect of the line of sight. The region contains a tangled magnetic field of intensity B and non-thermal relativistic electrons described by a power-law energy distribution N (γ) = Kγ −n between γmin < γ < γmax. The external radiation field in the jet frame (BLR, torus) is modeled using the prescriptions of Ghisellini & Tavecchio (2009) . Fig. 2 reports the models for the SED of Apr 2 and 29. To avoid the overproduction of the X-ray flux, the low energy limit of the electron energy distribution is constrained to be relatively large, γmin = 700. The EC component only contributes to the highenergy emission, while the SSC emission accounts for the X-rays. Derived physical parameters are reported in Table 1 . The two different SED have been reproduced changing only the electron distribution (n and K) and, slightly, the size and location of the emitting region. In both cases we set the bulk Lorentz factor to the fiducial number Γ b = 20. The derived SED require a Doppler factor δ = 32, from which we derive a viewing angle θv = 1.4 deg. The magnetic field, assumed to scale with the law B ′ ∝ r −1 , is consistent with that expected extrapolating the value (around 1 G) derived for FSRQ in which the emission region is assumed to reside at subpc scales (e.g. Ghisellini et al. 2010) .
In Table 1 we report the kinetic (including cold protons, one per electron) and the magnetic power of the jet. The value of the power (dominated by the kinetic component) is similar to that typically derived for this class of sources (e.g. Ghisellini et al. 2010) .
DISCUSSION
The detection of high-energy γ rays is a robust model-independent clue indicating that the emission of PKS B1424-418 during the considered active phase occurred outside the BLR.
The SED, if interpreted within the leptonic scenario, further allows us to locate the region at few parsecs from the central engine. This conclusion, based solely on the properties of the emission, agrees with other studies in which a similar result has been derived for other blazars through independent evidence (e.g., Marscher et al. 2008 Marscher et al. , 2010 ). The present case is different from that of PMN J2345-1555 (Ghisellini et al. 2013) , for which a flare with a hard (Γ < 2) Fermi-LAT spectrum has been recently reported (however, with no compelling evidence for high-energy γ rays.). The qualitative difference between the two cases is that for PMN J2345-1555 the entire SED became "bluer", with the synchrotron peak also moving to high frequency. This implies a magnetic (and thus an external) energy density not as small as derived for PKS B1424-418, consistent with the emission region being just outside the BLR.
A possibility to avoid the above conclusion would be the absence of the torus itself. In this case the required low value of the Fig. 2 . From the first column we report: the magnetic field intensity, the normalization, the minimum and maximum Lorentz factor, the slope of the electron distribution, the radius of the emission region, the bulk Lorentz factor, the distance from the center, the viewing angle, the total jet power (assuming one cold proton per emitting electron) and that carried by magnetic fields.
external field (from the BLR alone) could be reached at smaller distances (although the bluer photons would still cause the suppression of the emission above 20 GeV). There is no evidence of emission from dust in PKS B1424-418; however we expect it to be swamped by the jet non-thermal continuum. Since there are indications for the existence of a "standard" dusty torus in other γ-ray blazars (e.g., Malmrose et al. 2011) we consider this possibility unlikely. The long-term modulation of the light curve (which suggests the presence of two different episodes) is consistent with the inferred light-crossing time, tvar = R/cδ ∼ 35 days, and with the radiative cooling timescale, of the order of 30 days for the γ-ray emitting electrons. However, both timescales are inconsistent with the daily variability. This problem arises also for other FSRQ for which a far emission region is inferred (the most severe being that of PKS 1222+216, Aleksic et al. 2011) . A way to explain the observations (Tavecchio et al. 2011 , Nalewajko et al. 2012 ) is to admit the existence of very compact regions embedded in the jet, possibly resulting from magnetic reconnection (Giannios et al. 2009 . Alternatives include the hadronic scenario of Dermer et al. (2012) or the re-collimation of the jet (Bromberg & Levinson 2009) . We mention in particular the attractive magnetic reconnection scenario of Giannios (2013) , which includes in the same scheme a slowly variable powerful emission (the envelope) and the rapid flares. The discussion in Giannios (2013) was suited for PKS 1222+216, for which a smaller distance of the emission region from the central engine is inferred, but modest changes of the parameters should provide a good description also for PKS B1424-418.
Finally, we remark that the conclusions reached for the flare of PKS B1424-418 should not generalized to all blazars. In other cases there are indeed indications favoring an emission region inside the BLR (e.g., Cerruti et al. 2013 , Poutanen & Stern 2010 ; but see Harris et al. 2012) . In any case the investigation of sources for which high-energy (E > 10-20 GeV) γ rays can be detected is of paramount importance for a better understanding of the jet physics.
